To compare two techniques of human amniotic membrane transplantation (AMT) following pterygium excision:
INTRODUCTION
Successful management of pterygium is a constant challenge for ophthalmologists; recurrence rates range from 2.1 to 87% with different techniques. 1, 2 A wide variety of surgical techniques have been employed in the treatment of pterygium, with aim of getting good cosmetic results, lower recurrence rates and lesser complications.
The methods adopted include bare sclera excision, with or without the adjunctive use of Mitomycin C or ȕLUUDGLDWLRQ RU ZRXQG FORVXUH XVLQJ D FRQMXQFWLYDO autograft, conjunctival rotation autograft, 8 conjunctival limbal autograft, 9 FRQMXQFWLYDO ÀDSV 10 and more recently, human amniotic membrane transplantation (AMT). Adjunctive therapies such as beta irradiation, 15,16 thiotepa RU PLWRP\FLQ& KDYH EHHQ SURSRVHG DV PHDQV RI UHGXFLQJ UHFXUUHQFH UDWHV EXW WKH VLGHHIIHFWV RI WKHVH RSWLRQV OLPLW their use. It is speculated that the extent of excision during surgery, 12 techniques, 11 morphology of pterygium and the use of adjunctive WUHDWPHQW PRGDOLWLHV LQÀXHQFH the recurrence rates. 20 Human AMT is associated with a very good cosmetic result, 12 preservation of conjunctiva for future ocular surgery and a low recurrence rate ranging from 2.8 to 10%. 11, 12, 20 In the present study, we have explored the use of human AMT by a new surgical technique of passing a purse string suture and tucking of the amniotic membrane graft (AMG) under the conjunctiva, and compared it with the conventional end to end suturing of the AMG with the conjunctiva. The outcomes, i.e. complete epithelialization time of AMG and recurrence of pterygium were selected D SULRUL DQG VSHFL¿HG EHIRUH ZH VWDUWHG WR ORRN EDFN DW our cases.
after obtaining ethical clearance from the Institute Ethics Committee. The study adhered to the tenets of declaration of Helsinki.
Written informed consent was obtained from all patients. This study included consecutive patients undergoing pterygium surgery with following inclusion criteria: 1. Grade T2 of primary pterygium (the form in which the underlying vessels are partially seen). *UDGH 7 ÀHVK\ IRUP LQ ZKLFK WKH XQGHUO\LQJ YHVVHOV are not visible). 7 3. A PLQLPXP IROORZXS RI PRQWKV LQ HDFK JURXS following pterygium surgery. The exclusion criteria were: (1) Grade T1 (atrophic form in which episcleral vessels are visible through the body of the pterygium); (2) recurrent pterygia; (3) dry eye patients as HYLGHQFHG E\ WHDU ¿OP EUHDN XS WLPH 7)%87 RI OHVV WKDQ VHFRQGV FLFDWUL]DWLRQ RI WKH FRQMXQFWLYD DV HYLGHQFHG by presence of adhesions in the fornices; (5) patients less than 15 years of age.
The demographic profile of patients, preoperative examination (including pterygium severity, Schirmer test, 7)%87 VXUJLFDO SURFHGXUH SRVWRSHUDWLYH RXWFRPH complications and recurrence were recorded. The length of the pterygium on the cornea and the width of the pterygium at the limbus were measured in millimeters preoperatively.
Patients were seen postoperatively on day 1, 3 and ZHHNV DQG DQG PRQWKV $W HDFK IROORZXS YLVLW YLVXDO DFXLW\ WRQRPHWU\ DQG VOLWODPS H[DPLQDWLRQ were performed. Fluorescein staining was used to assess the integrity of the epithelial surface.
Surgical Procedure

Preparation and Preservation of Amniotic Membrane Graft
Standard protocol was followed in the harvesting and processing of the amniotic membrane using Dulbecco's PRGL¿HG (DJOH ¶V PHGLXP '0(0 22
Pterygium Excision
The surgical technique involved transplantation of human amniotic membrane to the exposed sclera after pterygium excision and securing it by two different techniques described below. All the procedures were performed by a single surgeon (AKJ) to ensure similarity in the procedure, WKHUHE\ HOLPLQDWLQJ LQWHUVXUJHRQ variability.
Pterygium excision was performed after administration of peribulbar anesthesia. The local blocks consisted of D PL[WXUH RI PO RI OLJQRFDLQH ZLWK (SLQHSKULQH DQG %XSLYDFDLQH 8QGHU DVHSWLF precautions, after inserting a lid speculum, two stay sutures YLFU\O ZHUH SDVVHd on the 12'O clock and 6'O clock of the limbus and pulled temporally to expose the surgical area of interest. The pterygium was grasped with atraumatic forceps and a cut given with vannas scissors parallel to the limbus approximately 1 mm away toward the sclera and WKH VXEFRQMXQFWLYDO ¿EURXV WLVVXH VHSDUDWHG XVLQJ EOXQW dissection as far as the canthus. The head of the pterygium on the cornea was removed using blunt dissection. The medial UHFWXV PXVFOH ZDV LGHQWL¿HG EHIRUH H[FLVLQJ WKH ¿EURXV tissue in the body of the pterygium so as not to damage it while removing the body of the pterygium. The bleeding vessels on the bed of the pterygium were cauterized to have EORRGOHVV ¿HOG 7KH OHQJWK DQG ZLGWK RI WKH H[FLVHG DUHD were measured with calipers. Amniotic membrane graft was brought to room temperature and the mesenchymal surface LGHQWL¿HG DV WKH RQH VWLFNLQJ WR WKH QLWURFHOOXORVH SDSHU 11 Variables such as age, sex, right/left eye, average length/ width of pterygium and epithelialization did not have any bearing on the recurrence rate of pterygium after two GLIIHUHQW WHFKQLTXHV RI KXPDQ $07 SYDOXH ! DV shown in Tables 1 and 2. ,Q JURXS $ H\HV GHYHORSHG RWKHU FRPSOLFDWLRQV 2QH patient developed infective keratitis which healed with a vascularized opacity after treatment with topical antibiotics. The second patient developed limbal thinning at the bed RI WKH SWHU\JLXP ZKLFK JUDGXDOO\ KHDOHG ZLWK ¿EURXV overgrowth on the cornea. Two patients had hemorrhage XQGHU WKH JUDIW RQ WKH ¿UVW SRVWRSHUDWLYH GD\ )LJ % 7KH KHPDWRPD UHVROYHG GXULQJ WKH VXEVHTXHQW IROORZXS ZLWKRXW any deleterious effects. Apart from two recurrences, another FRPSOLFDWLRQ WKDW RFFXUUHG LQ JURXS % LQYROYHG RQH H\H ZKLFK GHYHORSHG D KHPDWRPD XQGHU WKH $0* RQ WKH ¿UVW postoperative day. It was gently expressed with a spatula with no further sequelae.
Amniotic Membrane Transplantation
DISCUSSION
3WHU\JLXP LV D ¿EURYDVFXODU JURZWK RQWR WKH FRUQHD IURP the conjunctiva for which a wide spectrum of treatment modalities has been tried. The main problem encountered after different techniques concerns the unpredictable rate and timing of recurrence. 23 The aim of the surgical procedure is to have low recurrence rates and complications with a 
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Solomon et al have evaluated the use of AMT after extensive removal of primary and recurrent pterygia and have found a recurrence rate of 3.0, 9.5 and 5.6% for primary, recurrent and all pterygia respectively at the end RI D PHDQ IROORZXS RI PRQWKV 12 This is in contrast to an earlier report by Prabhasawat et al, 11 which showed recurrence rate of 10.9 and 37.5% after AMT for primary and recurrent pterygia respectively. The improvement in outcome may have been due to extensive removal of the pterygium tissue, extending to the caruncle area a routine intraoperative injection of a depot corticosteroid and adjunctive postoperative injections in areas with apparent ¿EURYDVFXODU DFWLYLW\ DQG LQÀDPPDWLRQ +RZHYHU HYHQ when an extensive surgical excision was performed, it is still questionable whether the abnormal pterygium WLVVXH KDG EHHQ FRPSOHWHO\ UHPRYHG EHFDXVH QR GH¿QLWH GHPDUFDWLRQ EHWZHHQ LQÀDPHG ¿EURYDVFXODU WLVVXH DQG normal conjunctiva could be made during surgery. Moreover, FRQVLGHUDWLRQ VKRXOG EH JLYHQ WR WKH SRWHQWLDO VLGHHIIHFWV RI ORQJDFWLQJ FRUWLFRVWHURLGV 7KHVH DUH DVVRFLDWHG ZLWK increased intraocular pressure and should be avoided in patients with glaucoma. Since the extent of removal RI ¿EURXV WLVVXH LV KLJKO\ VXEMHFWLYH GXH WR DEVHQFH RI demarcation of the margins of the pathology, this variability may have contributed to higher recurrence rates in our study.
AMT after excision of primary pterygium is indeed a safe, cosmetically acceptable and a technically less demanding procedure when compared to other modalities for the treatment of pterygium. Recurrences following pterygium excision and AMT have been attributed to the inadequacies of dissection and the absence of use of adjunctive depot steroids at the site of apparent increased fibrovascular activity (Solomon et al). 12 3HUVLVWHQW LQÀDPPDWLRQ IROORZLQJ AMT has also been proposed to lead to recurrence by the VDPH DXWKRUV 2WKHU IDFWRUV VXFK DV ÀHVKLQHVV RI SWHU\JLXP age of the patient and racial differences and the expertise of the surgeon have also been implicated in being responsible for higher recurrences.
([SHULHQFH RQ WKH XVH RI $0* ZLWK VXWXUHV RU ¿EULQ glue in pterygium surgery has been reported earlier by various authors. Recurrences from 3.0 to 37.5% have been reported from the use of amniotic membrane in pterygium surgery. 11, 12 Low recurrences have been claimed to be due to wide excision and the use of depot steroids. 12 Present study documents higher recurrence rates than those reported by Prabhasawat et al. 11 Kheirkhah et al assessed the surgical outcome in their patients in terms of postoperative conjunctival inflammation and other complications by comparing fibrin glue with sutures for securing AMG after performing an extensive removal of subconjunctival fibrovascular tissue and intraoperative application of PLWRP\FLQ& 30 Although they found the occurrence of FRQMXQFWLYDO LQÀDPPDWLRQ VLJQL¿FDQWO\ PRUH FRPPRQ DIWHU VXWXUHV DV FRPSDUHG WR ¿EULQ JOXH WKH VXWXUHV XVHG LQ WKHLU SDWLHQWV ZHUH LQWHUUXSWHG SDUDOOHOWRLQFLVLRQ OLQH Q\ORQ DQG vicryl sutures. We, on the other hand, have used a continuous, SDUDOOHOWRLQFLVLRQ OLQH Q\ORQ SXUVHVWULQJ VXWXUH When AMG is used in pterygium surgery with interrupted sutures, sometimes on the conjunctival side a gap is seen between the graft margin and the conjunctival host bed due to retraction of either graft margin or recipient conjunctival bed. In the presence of good apposition of the graft and adjacent conjunctiva, the epithelium heals readily and encourages rapid epithelial closure. In the purse string technique, we tucked the AMG under the surrounding recipient conjunctiva on three sides, starting at the limbus. As the edges of AMG are tucked under the conjunctiva, there is a continuous scaffold of the amniotic membrane basement membrane over which the conjunctival epithelium grows rapidly. This may have been the reason for rapid epithelialization of AMG. There is always some reparative LQÀDPPDWLRQ IROORZLQJ VXUJHU\ :LWK WKLV QHZ WHFKQLTXH HSLWKHOLDOL]DWLRQ ZDV FRPSOHWH ZLWK LQ DYHUDJH RI GD\V as compared to average of 21 days with interrupted sutures. Rapid epithelialization of AMG may help as a barrier against WKH WHDU GHULYHG LQÀDPPDWRU\ LQVXOWV WKHUHE\ UHGXFLQJ WKH FKDQFHV RI LQÀDPPDWLRQ RU JUDQXODWLRQ WLVVXH GHYHORSLQJ in the stroma.
Also there is only one knot of exposed suture in purse string suturing technique as compared to multiple knots in end to end suturing technique, thus causing more discomfort, LUULWDWLRQ DQG LQÀDPPDWLRQ ZLWK WKH HQG WR HQG VXWXULQJ WHFKQLTXH 6XWXUHV KDYH EHHQ IRXQG WR FDXVH VLJQL¿FDQWO\ more postoperative pain. 32 This may be caused by an up UHJXODWHG LQÀDPPDWRU\ SURFHVV DURXQG WKH VXWXUHV GXULQJ degradation. 33 Correct suture placement incorporating episclera and DGMDFHQW FRQMXQFWLYD LV D WLPHFRQVXPLQJ SURFHGXUH DQG requires surgical skill and this can be avoided with use of purse string suture. However, certain problems related to suturing such as thin tissues cannot be overlooked. There may be a lack of proper apposition, hemorrhage, or buttonholes with suturing. Postoperative complications such as suture abscess, vascularization, ocular discomfort, LQÀDPPDWLRQ JUDQXORPD IRUPDWLRQ WLVVXH QHFURVLV DQG giant papillary conjunctivitis also need special attention. These problems are likely to be more with multiple exposed knots than with only one exposed knot with purse string suture. An ideal pterygium surgery would not only prevent recurrence but would be free of these complications.
:H KDYH HDUOLHU GHVFULEHG WKH WXFNLQ WHFKQLTXH RI human AMT in pterygium surgery using fibrin glue. 29 (SLWKHOLDOL]DWLRQ RI WKH JUDIW DIWHU XVLQJ ¿EULQ JOXH ZDV much faster (7 days) in the study. 29 The shortcomings encountered while using the sutures for securing the AMG FDQ QRW EH RYHUORRNHG HVSHFLDOO\ ZKHQ FRPSDUHG WR ¿EULQ glue technique. 29,31 Moreover, our study suffers from limitations of being retrospective and nonrandomized. The surgical time was not documented. The number of patients in this series is small. However, in the settings where cost and DYDLODELOLW\ RI ¿EULQ JOXH DUH OLPLWDWLRQV DQG DQ DQDSK\ODFWLF UHDFWLRQ WR ¿EULQ JOXH LV D FRQFHUQ WKH WXFNLQ WHFKQLTXH RI AMT by suturing is a good option. The advantage of using AMG is that it can restore large excised areas of pterygium when conjunctival autograft is not possible or conjunctiva is already scarred from previous surgery or has to be preserved IRU D SRVVLEOH JODXFRPD ¿OWHULQJ VXUJHU\ 12
CONCLUSION
Tucking of AMG and passing purse string sutures results in faster epithelization of AMG and lower recurrences in comparison to end to end suturing of AMG in the management of primary pterygium.
To the best of our knowledge, the technique of human $07 E\ WXFNLQ PHWKRG XVLQJ SXUVH VWULQJ VXWXUH KDV QRW been described in literature. This method is a safe and simple modality of securing human AMG over the excised area of pterygium and having a low recurrence rate (11.11%) with no VLJQL¿FDQW LQWUD RU SRVWRSHUDWLYH FRPSOLFDWLRQV +RZHYHU a larger prospective, randomized trial is required to further evaluate its merits. 
